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Specification 
(Claim 1) 

In a liquid crystal display element wherein a plurality of stripe 
electrodes (22A, 22B .... 25 A, 25B ...) are formed on a pair of transparent 
insulating substrates (21, 24) so as to cross perpendicularly to each other and a 
phase shift type liquid crystal (27) is injected and sealed between these 



substrates, the phase shift type liquid crystal display element being 
characterized in that the intervals (fi) between adjacent electrodes in the 
electrodes (22A, 22B 25A, 25B ...) arranged respectively on the pair of the 
substrates (21, 24) are determined to be not more than twice as large as the 
distance where a cholesteric phase (12) of the phase shift type liquid crystal oozes 
from the side edge parts of the electrodes between which a voltage is applied, in 
the electrodes arranged perpendicularly on upper and lower substrates. 
[Detailed Description of the Invention] 
[Summary] 

The present invention relates to a phase shift type liquid crystal 
element, and the object of it is to improve the contrast and the chroma of a 
display. The construction is so made that in a liquid crystal display element 
wherein a plurality of stripe electrodes are formed on a pair of transparent 
insulating substrates so as to cross perpendicularly to each other and a phase 
shift type liquid crystal is injected and sealed between the substrates, the 
interval (fi) between adjacent electrodes in the electrodes arranged respectively 
on the pair of substrates are determined to be not more than twice as large as the 
distance where a cholesteric phase of the phase shift type liquid crystal oozes 
from the side edge parts of the electrodes between which a voltage is applied, in 
the electrodes arranged perpendicularly on upper and lower substrates. 
[Field of Industrial Utility] 

The present invention relates to a phase shift type liquid crystal 

display element. 

The phase shift type liquid crystal display element wherein stripe - 
like transparent electrodes are formed respectively on a pair of transparent 
insulating substrates so as to cross perpendicularly to each other; a phase shift 
type liquid crystal is injected and sealed between the substrates, and liquid 
crystal molecules are changed to exhibit a cholesteric phase or a nematic phase 
by selecting a predetermined value of a voltage applied across electrodes formed 



on the substrates so that a display by the liquid crystal is performed in a selected 
state of transparent or scattering, has been known as a liquid crystal display 
element capable of displaying a large volume of information by a simple matrix 

system. 
[Prior Art] 

Fig. 6 is a plane view of a conventional phase shift type liquid 
crystal display element of simple matrix system and Fig. 7 is a cross-sectional 
view taken along a line of VI- VI'. 

As shown in Figs. 6 and 7, on a glass substrate 1 in a pair of 
transparent glass substrates, stripe-like transparent electrodes 2A, 2B, 2C... 
made of an indium-tin oxide are formed at a predetermined pitch extending along 
an X-direction (a direction parallel to the paper surface), and an alignment layer 
3 is formed thereon. Further, on the other glass substrate 4, stripe-like 
transparent electrodes 5A, 5B, 5C... which cross perpendicularly to the 
transparent electrodes 2A, 2B, 2C... to extend along a Y-direction (a direction 
perpendicular to the paper surface) are formed at a predetermined pitch, and an 
alignment layer 6 is formed thereon. Then, a phase shift type liquid crystal 7 is 
injected and sealed between the glass substrates 1, 4 having the electrodes 
crossing perpendicularly to each other, whereby a liquid crystal cell is formed at 
each crossing point of the electrodes. 

When a voltage as shown in the abscissa axis of Fig 10 is applied 
between the electrodes 2A, 2B... and 5A, 5B of the liquid crystal display element 
having such construction, the liquid crystal cell determined by the crossing point 
of these electrodes exhibits a transmittance as shown in the ordinate axis. 

Namely, when a voltage is applied to the liquid crystal cell along a 
direction of an arrow mark A of a hysteresis curve 11 in Fig. 10, the phase shift 
type liquid crystal exhibits a nematic phase (transparent: an H state). When 
the same voltage as the above-mentioned voltage is applied along a direction of 
an arrow mark B, the phase shift type liquid crystal exhibits a cholesteric phase 



(scattering: an F state). Further, when no voltage is applied, it exhibits a stable, 
transparent grandjean (G) state. 
[Problems that the Invention is to Solve] 

Figs. 8(a) and 8(b) show phase diagrams at the time of applying a 
voltage to the liquid crystal cell. 

Fig. 8(a) is a phase diagram at the time when the liquid crystal 
exhibits a cholesteric phase (scattering) wherein the liquid crystal cell becomes 
an opaque state as shown by slant-line portions. Further, in Fig. 8(b), when the 
liquid crystal exhibits a nematic phase (transparent), the liquid crystal cell 
becomes a transparent state as shown by blank portions. 

As shown in Fig. 8(a) and 8(b), when a voltage is applied between 
the electrodes 2A, 2B, 2C... and the electrodes 5A, 5B, 5C..., it is found that a 
cholesteric phase 12 oozes slightly from the side edge parts of both patterned 
electrodes due to the oozing of an electric field from both side end parts of each 
electrode. These oozing regions constitute cholesteric phase regions 12 and 
exhibit light scattering properties. 

Fig. 9(a) is an expanded view of an oozing state in the cholesteric 
phase regions 12, and Fig. 9(b) is a cross-sectional view taken along a line IX IX' 
thereof. 

On the other hand, grandjean texture regions 13 which are apart 
far from the both side end parts of the patterned electrodes 2A, 2B, 2C... and 5A, 
5B, 5C..., and exist beyond the oozing of the electric field, exhibits light 
transmitting properties, and accordingly, light irradiated to these regions 13 
transmits therethrough. 

As shown in Fig. 9(a), the size of the grandjean texture regions 13 
indicates a numerical value obtained by subtracting the size of cholesteric phase 
regions 12 oozing from the electrode edge parts (2A = A X 2) from the distance B 
of the pitch of the arrangement of the patterned electrodes 2A, 2B, 2C..., 5A, 5B, 
5C... In this Figure, a symbol d designates the gap between upper and lower 
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electrodes 2A, 2B... and 5 A, 5B... between which the liquid crystal 7 is injected 
and sealed. 

Since the light transmitting through the grandjean texture regions 
13 which do not suffer the effect of the oozing of the electric field always 
transmits through upper and lower glass substrates 1, 4 irrelevant to selection or 
non-selection operations of pixels due to the presence or absence of the 
application of a voltage, there is a problem causing the reduction of contrast of 
display. 

Further, the light transmitting through the grandjean texture 
regions 13 creates a problem of causing the reduction of the color purity of a 
displayed color when a color display is effected by utilizing the scattering 
dispersing properties of the cholesteric phase of the phase shift type liquid crystal 

of the display element. 

The present invention is to solve the above-mentioned problems, 
and the construction is so made that the cholesteric phase regions oozing from 
both the side edge parts of each electrode at the time of applying a voltage 
overlap each other in a space between adjacent electrodes. Namely, it is an 
object of the present invention to provide a liquid crystal display element capable 
of improving the contrast of a display and preventing the reduction of the purity 
of a green color by suppressing the formation of the grandjean texture regions. 
[Means of Solving the Problems] 

In order to achieve the above-mentioned object, there is provided a 
liquid crystal display element wherein a plurality of stripe electrodes are formed 
on a pair of transparent insulating substrates so as to cross perpendicularly to 
each other and a phase shift type liquid crystal is injected and sealed between 
these substrates, the liquid crystal display element being so constructed that the 
intervals (G) between adjacent electrodes in these electrodes arranged 
respectively on the pair of the substrates are determined to be not more than 
twice as large as the distance where a cholesteric phase (12) of the phase shift 
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type liquid crystal oozes from the side edge parts of the electrodes between which 
a voltage is applied, in the electrodes arranged perpendicularly on upper and 
lower electrodes. 
[Function] 

The liquid crystal display element of the present invention is so 
constructed that adjacent electrode intervals of the stripe-like electrodes formed 
on both substrates are made narrower than the conventional ones, and for 
example, when a voltage is applied simultaneously to these adjacent electrodes, 
cholesteric phases oozing from side end parts of both electrodes cross to each 
other. Namely, the formation of the grandjean texture regions is suppressed, 
whereby there is no possibility that light transmits through the substrates 
irrelevant to selection or non-selection operations of pixels. As a result, 
improvements of contrast and chroma in a color display can be achieved in the 
liquid crystal display element. 
[Embodiment] 

In the following, an embodiment of the present invention will be 
described in detail with reference to the drawings. 

Fig. 1 shows an arrangement of electrodes pattern in a liquid 
crystal display panel to which the present invention is applied, and Fig. 2 is a 
cross-sectional view taken along a line I-I' in Fig. 1. 

As shown in Figs. 1 and 2, in the liquid crystal display panel of this 
embodiment, a plurality of transparent electrodes 22A, 22B, 22C... made of an 
indium-tin oxide extending in an X-direction (in parallel to the paper surface) are 
formed into a strip-like pattern by vapor deposition and an etching method using 
a photolithography method on a transparent glass substrate 21, and an 
alignment layer 23 is formed thereon. 

On the other transparent glass substrate 21, a plurality of 
transparent electrodes 25A, 25B, 25C... made of an indium-tin oxide extending in 
an Y-direction are formed into a stripe-like pattern so as to cross perpendicularly 
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to the electrodes 22A, 22B, 22C..., by a vapor deposition and an etching method 
using a photolithography method, and an alignment layer 26 is formed thereon. 

Liquid crystal 27 injected and sealed between both the substrates 
21, 24 is such liquid crystal formed by mixing a cholesteric liquid crystal with a 
riematic liquid crystal by ten and several wt%. 

The above-mentioned liquid crystal display element differs little 
from the conventional one except that the adjacent electrode intervals are 
selected to be the size-described later. Fig. 4 is a diagram for selecting the size 
between electrodes, which shows the relation between an applied voltage to the 
liquid crystal cell and the oozing distance of the cholesteric phase oozing from 
both side edge parts of the electrodes. The abscissa axis indicates a voltage 
applied between the electrodes 22A, 22B, 22C... and 2A, 25B, 25C... and the 
ordinate axis indicates the oozing distance a(jum) of the cholesteric phase oozing 
from side edge parts of the electrodes. 

As shown in the curve 31, the cholesteric phase oozes in 
substantially proportion to the applied voltage (V). Since the driving voltage 
(Vd) to the liquid crystal cell is determined to be about 14V in the display 
element of this Example, it is found that the amount of oozing of the liquid 
crystal used in this element is about 12 ^min Fig. 4. The amount of oozing is a 
size oozing from a side edge part of the electrode. In the actual stripe-like 
electrodes, since the oozing takes place from both side edge parts, the amount of 
oozing is twice as much as the amount of oozing from one side edge part. 

When the oozing distance a of the cholesteric phase in practical use 
of a 14V driving voltage is 12 fx m, and if adjacent electrode intervals 6 of both 
the electrodes 22A, 22B... and 25A, 25B... are determined to a size of not more 
than 24 fi m, twice as large as this value, e.g. 20 /u m, the oozing cholesteric 
phase overlap with each other between adjacent electrodes, with the result that 
there is obtainable the liquid crystal element which improves the contrast 
without no gap of light transmitting properties between the oozing cholesteric 
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phases. 

Fig. 3(a) and Fig. 3(b) show states that the size between the 
adjacent electrodes is determined as above-mentioned, and voltages are applied 
to the liquid crystal cell of the liquid crystal display element of this Example. 
Fig. 3(a) shows a state that the liquid crystal exhibits the cholesteric phase 
(scattering) in the same manner as the before-mentioned Fig. 8(a), and Fig. 3(b) 
shows a state that the liquid crystal exhibits the nematic phase (transparent) in 
the same manner as Fig. 8(b). As shown in Fig. 3(a) and Fig. 3(b), the 
cholesteric phases 12 oozing from the side edge parts of each patterned electrode 
(22A, 22B..., 25A, 25B...) cross to each other between adjacent electrodes, 
whereby unnecessary light is not introduced into the liquid crystal, and the liquid 
crystal display element having an improved contrast can be obtained. 

When the effect of the present invention is verified by the contrast 
and the chroma in the display properties, they are as in Fig. 5. In the 
embodiment of Fig. 5, the effect was verified by determining the pitch of the 
transparent electrodes to be 0.35 mm and changing the electrode width to 0.30, 
0.31, 0.32, 0.33 and 0.34. As shown in the Figure, the condition of the present 
patent is satisfied when the aperture rate is 85% (fl < 20 fi m). Under the 
condition, it is found that the improvement of display properties can be seen. 

As described above, in accordance with the liquid crystal display 
element of the present invention, the cholesteric phases oozing from the side edge 
parts of the electrodes to provide light scattering regions cross to each other in 
the gaps between the electrodes. Accordingly, a light-transmitting region which 
has no relation to the application and non-application of a voltage, such as the 
grandjean texture does not exist, whereby the phase shift type liquid crystal 
element having good contrast can be obtained. 
[Effect of the Invention] 

As clear from the above-mentioned description, in accordance with 
the present invention, there is such effect that the phase shift type liquid crystal 
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display element improving the chroma and being highly desirable can be 
obtained. 

[Brief Description of Drawings] 

Fig. 1 is a plane view showing an arrangement of the electrodes of 
the liquid crystal display element of the present invention; 

Fig. 2 is a cross-sectional view taken along a IT line of Fig. l; 

Fig. 3(a) is a phase diagram of a cholesteric phase (scattering) of 
the element of the present invention; 

Fig. 3(b) is a phase diagram of a nematic phase (transparent) of the 
element of the present invention; 

Fig. 4 is a relational diagram between the applied voltage and the 
oozing distance of the element of the present invention; 

Fig. 5 is a relational diagram between the aperture rate and the 
contrast ratio (chroma) of the element of the present invention; 

Fig. 6 is a plane view showing an arrangement of the electrodes of 
the conventional liquid crystal display element; 

Fig. 7 is a cross-sectional view taken along a VI- VI' line of in Fig. 6; 

Fig. 8(a) is a phase diagram of a cholesteric phase (scattering) of 
the conventional element; 

Fig. 8(b) is a phase diagram of a nematic phase (transparent) of the 

conventional element! 

Fig. 9(a) is a phase diagram of the oozing cholesteric phase of the 

conventional element; 

Fig. 9(b) is a cross-sectional view taken along IXIX' line of Fig. 

9(a); and 

Fig. 10 is a characteristic diagram of hysteresis of a phase shift 
type liquid crystal. 

In the drawings, 12 designates a cholesteric phase, 21, 24 
designate glass substrates, 22A, 22B, 22C..., 25A, 25B, 25C... designate 
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electrodes, 23, 26 designate alignment layers, 27 designates liquid crystal, and 31 
designates a relational curve between the applied voltage and the oozing distance. 
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